INTRODUCTION
Meat is the muscle tissue of slaughter animals. It is composed of water, proteins, lipids, minerals, and a small proportion of carbohydrates. Meat and meat products are susceptible to quality deterioration due to their rich nutritional composition (Shah et al., 2014) . The main changes of quality are due to oxidation and microbial spoilage of the meat samples, whereby meat products become unacceptable from a sensory (colour, texture and flavour), nutritional, microbiological or safety perspective (Kanner, 1994; Zhang et al., 2010; Devatkal et al., 2014) . Lipid oxidation is a complex process and depends on the chemical composition of meat, oxygen access, light, and storage temperature (Karakaya et al., 2011) . It is possible to reduce or inhibit lipid oxidation by the use of antioxidants in meat and meat product production. The use of natural antimicrobials certified as generally recognised as safe (GRAS) has been widely accepted by consumers. Natural additives are used to extend shelf life and overall quality through the inhibition of oxidative rancidity and microbial spoilage (Shah et al., 2014) . The application of synthetic additives is limited by food legislation and consumers are concerned about the safety of synthetic food additives; therefore, the demand for the use of natural ingredients in foodstuffs has increased lately (Devatkal et al., 2014) .
Herbs, spices, aromatic plants, berries, and their extracts have been studied as potential natural antioxidants containing substrates in meat and meat products (McCarthy et al., 2001; S¸ltoft-Jensen and Hansen, 2005; Hayouni et al., 2008; Viskelis et al., 2009; Karakaya et al., 2011) . Compounds from herbs and spices contain many phytochemicals, which are potential sources of natural antioxidants including phenolic diterpenes, flavonoids, tannins and phenolic acids (Dawidowicz et al., 2006) . These compounds have antioxidant, anti-inflammatory and anticarcinogenic activities (Stratil et al., 2007; Miguel, 2011) . In food systems, they can improve flavour, retard lipid oxidation-induced food deterioration, and inhibit the growth of microorganisms (Tanabe, 2002) . Some herbs and spices have been characterised by a noticeable antimicrobial activity mainly due to their phenolic compounds (Zhang et al., 2010) . However, there is a lack of knowledge about the mechanisms, toxicological as well as the sensorial effects of naturally derived antimicrobials in food (Hygreeva et al., 2014) . However, it is possible to delay or inhibit the growth of pathogenic microorganisms in foods (Marino et al., PROCEEDINGS OF THE LATVIAN ACADEMY OF SCIENCES. Section B, Vol. 71 (2017 ), No. 6 (711), pp. 453-460. DOI: 10.1515 /prolas-2017 2001). Herbal application can be combined with vacuum packaging to maintain the quality of meat products and improve their shelf-life. Improvements in the shelf-life of meat and meat products can have an important economic impact on the reduction of losses attributed to spoilage. (Tang et al., 2001 ).
For centuries, people have had the knowledge of using local herbs or spices in food production. Some plants have been forgotten but now interest of scientists and consumers in these plants has resumed. Each herb differs by its unique flavour and biochemical composition. Nevertheless, they have common properties, such as high amounts of vitamins and minerals. All these substances are significant for human physiological processes (Milda, 2015) . Nowadays consumers have a growing interest in functional foods, and the usage of plants has increased (Kruma and Straumite, 2012) . The use of natural preservatives can eliminate the necessity for synthetic additives as well as increase the nutritional value of foodstuffs. Compounds from herbs and spices contain many phytochemicals having a potential of strong antioxidant, antimicrobial and antifungal activity in food. These properties of herbs and spice extracts are due to the presence of many bioactive components, including flavanoids, terpenoids, vitamins, minerals, carotenoids and phytoestrogens (Hygreeva et al., 2014) .
The aim of the study was to investigate the potential use of herbal extracts in ethanol/water application for the maintenance of pork meat quality during storage.
MATERIALS AND METHODS
Sampling and treatment of samples. For the experiment four herbs which grow in Latvia -nettle (Urtica dioica L.), lovage (Levisticum officinale L.), oregano (Origanum vulgare), and horseradish (Armoracia rusticana L.) were chosen. Chilled pork obtained from Musculus longissimus lumborum (Poland) were purchased from a supermarket (unpackaged; stored in a chilled condition at temperature 3 ± 1 o C; maximum expiration time 24 h). No breed, age, sex or premortal handling was recorded.
Preparation of herbal extracts. Plant extracts were prepared from the plant materials by using different solvents and extraction methods. For the current investigation herbal extracts were prepared from dry herbal material (nettle, lovage, oregano, horseradish) treated in different ethanol/water proportions. For the preparation of extracts the leaves and stems of fresh herbs were chopped and dried in a convection dryer Memmert UF 55 (Memmert, Germany) at +45 ± 1 o C till 6% moisture was reached and maintained. Dried herbs were ground into powder and added to the ethanol/ water solutions in the following concentrations: 1) ethanol 0%/ water 100%; 2) ethanol 25%/ water 75%; 3) ethanol 50%/ water 50%; 4) ethanol 75%/ water 25%; 5) ethanol 100%/ water 0%.
The proportion of herb powder and ethanol/water solution was 1:10. The obtained ground herbs were stirred with ethanol for one hour at 18 ± 2 o C (Dai and Mumper, 2010) , then filtered and analysed. Herbal extracts were made in triplicate from each type of herb used.
Determination of total phenolic concentration in herbal extracts. For 1 mL of herbal extract Folin-Ciocalteu reagent was added, stirred, then 10 mL of 5% Na 2 CO 3 solution was added and stirred again. The absorbance of the prepared solutions was determined by a Jenway 630 spectrometer (Jenway, UK) at 765 nm. The standard curve was obtained by taking the gallic acid as standard and total phenolic concentration was expressed in mg GAE 100 ml -1 (Chan et al., 2009 ).
Preparation of pork soaked in herbal extracts. Before the experiments both physical and microbiological parameters of chilled pork were analysed. The chilled pork was finely cut in 3 mm thick slices. The sliced pork samples with different herbal extracts were kept in the refrigerator for 24 h at 4 ± 2 o C. Maturation of pork meat was necessary for better penetration of the phenolic compound from the surface to the deeper layers of pork. After that pork samples were packed in vacuum bags made from polymer film (PA/PE, density 65 ± 5 µm) into 200 g portions, and stored in the refrigerator at +4 ± 2°C. The samples were analysed on day 0 and after 4, 11, 18, 22, and 32 days of storage. A pork sample without herbal extracts was used as a control to compare the changes of quality parameters during the storage.
Sensory evalution of pork freshness.
Before the determination of physical and microbiological parameters of pork, the samples underwent testing of sensory parameterssuch as the appearance, aroma, colour, and texture fit requirements of fresh meat. When meat spoils, its texture, colour, odour, and taste change. Apart from these changes, toxic substances accumulate in it as well. The surface moisture of meat was determined by touching it with a finger or touching the surface of fresh meat incision with white filter paper. The consistency was measured by pressing the meat with a finger and observing the time required to equilibrate the pressed pit. Odour was determined by analysing meat samples (Januðkevièienë et al., 2012) . Sensory evaluation of the meat sample was carried out by a specially trained expert.
Determination of pH. The pH value was measured with a
Jenway 3520 pH Meter (Jenway, UK). Calibration of the pH-meter was done with pH standard solutions of 4.01 and 7.00. The procedure was carried out according to LVS ISO 2917:2004 method. The pH value for marinated pork meat samples was measured in five repetitions.
Determination of water activity. A 6 g minced meat sample was put in a cup, placed in a LabSwift-aw unit (Novasina, Switzerland), and water activity was determined in triplicate for each sample (measurement range -0.11 to 0.90 a w , with an accuracy of +/-0.01 a w ).
Texture analysis. Tenderness of pork meat samples was determined using a TA-XT plus Texture Analyser (Stable Micro Systems, AK). A Warner-Bratzler blade set with knife and platform with a gap was used. The sample was placed on the centre of the apparatus and the cutting force (N) was detected. This cutting force represents tenderness (Rosenthal, 1999 for 72 h. After incubation, the CFU were counted using a colony counter Acolyte (Synbiosis, UK). Counted CFU were transformed to logarithmic (log 10) values.
Statistical analysis. Analysis of variance (ANOVA) and the Tukey test were used to determine significant differences among samples. Correlation and regression analyses were performed by determining relationship between tested variables, using Microsoft Excel 2014. Confidence level was 95% (a = 0.05) (Arhipova and Balina, 2006) .
RESULTS

Determination of phenolic concentration in herbal extracts.
In the first part of this study the total phenolic concentration of nettle, lovage, oregano, and horseradish herbal extracts was determined. (Fig. 1) . The highest total phenolic concentration for all the studied herbal extracts was obtained in samples with ethanol 50% / water 50% solution. The herbal extracts made with pure water and 100% ethanol showed the lowest total phenolic concentration: for nettle water extract -45.71 mg·100 g -1 ; for oregano 100% ethanol extract -690.99 mg·100 g -1 ; for lovage 100% ethanol extract -193.8 mg·100 g -1 ; for horseradish 100% ethanol extract -1585.79 mg·100 g -1 . The highest total phenolic concentration was obtained for oregano and horseradish extract -5109.95 mg·100 g -1 and 4150.98 mg·100 g -1 using ethanol 50%/ water 50% solution.
Evaluation of meat parameters. For the next step of the study the application of herbal extract with ethanol/water concentration 50%/50% (v/v) for tested for potential use for extending the shelf life of pork.
The sensory parameters of the samples were analysed on day 0 and after 4, 11, 18, 22, and 32 days of storage. After testing the sensory parameters, the physical and microbiological parameters of pork samples were analysed. During storage, the freshness of meat samples change as proteins and fats start to break down. Cathepsins and peptidases cause breakage of peptide bonds and lipase fat hydrolysis proceeds. The morphological structure of muscle tissue also changes: meat juice secretes, the surface colour turns brown and unpleasant sour taste develops. Such meat is unfit for human consumption (Januðkevièienë et al., 2012) . For the control sample the first unpleasant changes in sensory parameters were detected on day 18 of storage, but for the meat samples with nettle extract these changes were observed on day 22. For the meat samples with lovage, oregano and horseradish extracts, negative changes of sensory properties were observed on day 32 of storage.
Changes of pH (Table 1 ) may promote the growth of microorganisms and lead to meat deterioration. The results showed a significant difference (p < 0.05) between the control sample and pork samples with herbal extracts. At the beginning of the experiments pH of the chilled pork was 6.17 ± 0.02, as in fresh meat. During storage in vacuum packages the pH of all meat samples significantly (p < 0.05) decreased. On day 18, when the negative sensory properties in the control sample were estimated, the pH was 5.69 ± 0.15. A decrease in the pH of pork samples with neetle extract (pH 5.75 ± 0.07) was reached on day 22, and on day 32 for the pork with lovage, oregano and horseradish extracts the pH was 5.65 ± 0.11, 5.52 ± 0.11, and 5.41 ± 0.14, respectively.
Water activity (Fig. 2 ) differences between pork meat samples during storage were significant (p < 0.05). The water activity of the control sample on the first day of storage was 0.990 ± 0.04, which decreased by day 18 to 0.971 ± 0.03. On day 22, the water activity for the pork samples with nettle extract was 0.963 ± 0.01 and on day 32 it was 0.969 ± 0.02 for the samples with oregano extracts, 0.965 ± 0.03 for the samples with horseradish extract, and 0.963 ± 0.05 for the samples with lovage extract applied.
The tenderness of chilled pork was 16.01 ± 3.63 N. During storage (Fig. 3) the tenderness of the control sample decreased, whereas for the meat with different herbal extracts it increased (Fig. 3) . The tenderness differed significantly (p < 0.05) between all meat samples. On day 18 the tenderness for the control sample decreased to 9.21 ± 0.52 N. The tenderness for the meat samples with nettle extract increased to 21.58 ± 0.30 N on day 22. For the pork meat samples with horseradish, oregano, and lovage extracts the tenderness during storage time for 32 days increased to 27.66 ± 0.22 N, 22.9 ± 0.38 N, and 20.23 ± 0.31 N, respectively.
Microbiological criteria.
Meat quality depends on the state of the health of animals before slaughter, technical performance of slaughtering, the observance of hygienic requirements in the slaughterhouse, and transporting conditions of carcasses. The compliance with technological and hygienic requirements permits derogations, since both the carcass and cut meat in the sales places are subject to an increased contamination with microorganisms, which are dangerous to human health (Januðkevièienë et al., 2012) . which is considered a critical limit value when performing microbiological analysis of meat (Anonymous, 2002) . The total plate count (Fig. 4 ) of chilled pork was 3.37 log 10 CFU g -1 . During the storage period the total plate count increased significantly (p < 0.05) in the control sample, reaching 4.2 log 10 CFU g -1 on day 18, whereas for the pork meat samples with nettle, lovage, oregano, and horseradish extracts it decreased during storage time. The meat samples with nettle extract on day 22 reached 3.2 log 10 CFU g -1 , but at the end of the experiment on day 32 the meat samples with oregano, horseradish, and lovage extracts reached 3.2 log 10 CFUg -1 , 2.4 log 10 CFU g -1 , and 2.3 log 10 CFU g -1 , respectively.
The Enterobacteriaceae are a large family of gram-negative facultative anaerobic bacteria, which includes many patho- Pork sample with nettle extract -6.14 ± 0.11 6.08 ± 0.07 5.8 ± 0.09 5.75 ± 0.07 - Fig. 2 . Water activity dynamics of control and pork samples with herbal extracts during storage. Fig. 3 . Tenderness dynamics of control and pork samples with herbal extracts during storage. gens, such as Salmonella, Escherichia coli, etc. Therefore, the counts of these bacteria are among the most important microbiological indicators in the food industry. The Commission Regulation (EC) No 2073/2005 on Microbiological Criteria for Foodstuffs prescribes that the limit of the Escherichia coli count for meat preparations is 500 (n = 5, c = 2; where n -number of units comprising the sample; c -number of sample units giving value over m or between m and M; m, M -limit of values) CFU g -1 , which is considered as a critical limit value in this research. The Escherichia coli belong to the Enterobacteriaceae group of bacteria, which encompasses also other bacteria affecting meat quality. This study singles out the activity of this group of bacteria in general. The count of Enterobacteriaceae (Fig. 5) during storage changed significantly (p = 0.041). After 18 days of storage, the count of Enterobacteriaceae for the control samples reached 3.4 log 10 CFU g -1 . For the meat samples with nettle extract the bacteria count was 2.4 log 10 CFU g -1 on the 22 nd day of storage, and on the last day of the experiment for the samples with oregano, horseradish, and lovage extracts it was 3.1 log 10 CFU g -1 , 2.5 log 10 CFU g -1 , and 2.7 log 10 CFU g -1 .
Probably, lactic acid bacteria through the intestinal canal can penetrate into muscle tissues during slaughter. The most abundant metabolite produced by lactic acid bacteria (LAB) is lactic acid, which causes a decrease in the pH of the meat. During storage of meat samples in vacuum packaging, LAB did not increase significantly (p = 0.891). The increase of LAB count in meat samples (Fig. 6 ) was more rapid in the control sample than in the meat samples with herbal extracts.
On day 18, the LAB count for the control samples was 4.1 log 10 CFU g -1 . For meat samples with nettle extract it reached 3.4 log 10 CFU g -1 on day 22, but for the samples with oregano, horseradish, and lovage extracts -3.6 log 10 CFU g -1 , 3.5 log 10 CFU g -1 , and 4.3 log 10 CFU g -1 at the end of the experiment.
DISCUSSION
Nowadays people are showing a greater interest in foods that contain bioactive or functional componets that provide additional benefits to their health status (Hygreeva et al., 2014) . Among foods, meat and meat products occupy a prominent position in the human diet because of their high-quality protein content, essential amino acids and an excellent source of B-group vitamins, minerals and other nutrients (Zhang et al., 2010) . Many consumers believe that meat and meat product consumption is unhealthy because of the high animal fat, cholesterol, synthetic antioxidants and antimicrobials content which may be associated with several degenerative diseases. Food technologists and nutritionists have been making great efforts to develop novel meat products with low fat and low sodium content containing natural antioxidants and antimicrobials and enriched with dietary fibre and w-3 and w-6 fatty acids (Hygreeva et al., 2014) .
During the storage of mature meat, autolysis begins, whereby proteins and fats start to break down. A peptide bond breaks down from the action of cathepsins and peptidases, and fat hydrolysis occurs due to the action of lipase. Due to changes in proteins and also muscle tissue morphological structure, meat juice secretes, and brown surface colour and unpleasant sour taste appears. Such meat is unfit for human consumption (Januðkevièienë et al., 2012) .
The highest phenolic concentration of herbs was found in oregano and horseradish leaves. Oregano has been reported as a potential dietary source of natural antioxidants for improving human health and stability of food products (Su et al., 2007; Dubova et al., 2011; Peñalvo et al., 2016) . Also previous studies have shown significant amounts of phenolic compounds in horseradish leaves (Tomsone and Kruma, 2013) and their possibilities to inhibit oxidation of oil (Tomsone and Kruma, 2015) . In this study lovage showed significantly lower total phenol Levisticum officinale, whereas in the study performed by Tomsone et al. (2014) significantly higher levels were reported for lovage. Nettle phenolic Levisticum officinale was lower. The presence of several active compounds in stinging nettle has been demonstrated, giving scientific justification to traditional folk uses of the plant. Comparing the total phenol Levisticum officinale of infusions, for oregano the total phenol Levisticum officinale was also previously reported to be eight times higher than for nettle (Jiménez-Zamora et al., 2016) which is in accordance with current results.
Plants are persistently a generous source which supply people with valuable bioactive substances. These natural substances from plants, in the forms of extracts, have been obtained from different sources such as fruits, vegetables, herbs, and spices. These plant extracts are prepared from the plant material by using different solvents and extraction methods. These extracts are generally rich in phenols.
Ethanol concentration for extraction of the highest total phenol concentration was 50%. Similar results were obtained by Oreopoulou et al. (2003) , who reported an optimum ethanol concentration within the range from 50% to 60%.
Several researchers reported herbs as rich sources of compounds with antimicrobial activity (Serrano et al., 2011; Giner et al., 2012) . For meat products microbial safety is essential and the use of antimicrobials from herbs to improve the quality of meat has been an important field of research during recent years (Zhang et al., 2010; Radha Krishnan et al., 2014) . The Latvian oregano samples showed significant antimicrobial activity (Dubova et al., 2011 ). In the current study oregano showed properties of inhibiting the growth of microorganisms. The antimicrobial activity of nettle was lower compared to lovage and horseradish. Other researchers found water extracts of nettle have a noticeable antimicrobial activity against Gram-positive and -negative bacteria when compared with standard and strong antimicrobial compounds such as miconazole nitrate, amoxicillin-clavulanic acid, ofloxacin, and netilmicin (Gülçin et al., 2004) .
Overall, the results demonstrate the effectiveness of the tested herbs for inhibiting microbial growth, thus extending the shelf-life of meat and meat products. The incorporation of spice and herb extracts inhibits major pathogenic organisms such as Salmonella enteritidis, Listeria monocytogenes, and Staphylococcus aureus in different meat products (Hygreeva et al., 2014) .
Spices have an antimicrobial ability mainly due to their phenol compounds. The possible mechanisms for antimicrobial effect of phenol compounds include: altering microbial cell permeability; interfering with membrane function including electron transport, nutrient uptake, protein and nucleic acid synthesis, and enzyme activity; and interacting with membrane proteins causing deformation in structure and functionality (Zhang et al., 2010) .
Meat is a perfect medium for the development of microorganisms, thus changes happening during meat storage depend not only on the tissue enzymes, but also on the activities of microorganisms. Microbiological deterioration of meat is directly related to the animal's pre-slaughter condition: meat from sick, hungry and tired animals deteriorates quickly (Januðkevièienë et al., 2012) . During trading, meat and meat products are exposed to microbial contamination, and therefore it is critical to ensure the quality of meat (Silina, 2014) .
CONCLUSION
To obtain the highest total phenolic concentration from dried nettle, lovage, oregano, and horseradish the optimum concentration of ethanol/water for the extracts was 50%/ 50%. Among the studied herbs, the highest total phenolic concentration was found in oregano and horseradish.
Changes of meat quality and its sensory properties for chilled pork without extracts packed in vacuum bags appeared on the 18 th day of storage. Horseradish, oregano, lovage and nettle extracts preserve pork meat. Taking into account the quality and sensory properties of meat samples with nettle extract, the storage time was prolonged to 22 days and 32 days when horseradish, oregano, and lovage extracts were used. There was a statistically significant difference between the control samples and meat samples with herbal extracts for TPC and counts of Enterobacteriaceae family bacteria.
